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ABSTRUCT- The preprocessing method and the feature parameters employed in 
our white blood cell classification system are summarized, and the classifi-
cation results by using the improved structured decision rules are also shown. 
To build a classification system acceptable for doing a 
hospital's differential white blood cell counting, it is required 
to develop techniques capable of identifing not only the mature 
cells but also the immature or abnormal cellso Although we have 
reported a series of the studies l ),2) concerning the automatic 
identification of the white blood cells in the staind blood smear 
on the glass slide, the immature cells was not treated there. As 
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the resurts of progressive study, ioe., the development of (1) the 
highly accurate region extraction technique, (2) the texture 
parameters, and (3) the graph structured classification techniques, 
it became possible to differentiate 9 cell types, ioeo, neutrophils, 
lymphocytes, monocytes, eosinophils and basophils as the mature 
cells, and myeloblasts, mixture of promyelocytes and myelocytes, 
metamyelocytes and nucleated red cells as the immature cells. 
accordingly, in this short note, we show some remarks and 
experimental results of the classification on the improved system. 
At the preprocessing, that is, 
region extraction stage, 
discriminant function was introduced 
to the observation space shown in 
Figol in order to isolate the 
cytoplasm and the red cells, and 
differential gray level histogram 
method was developed for nuclear 
isolation. As to the details, see 3) 
• We have performed a study which 
showed that the regions can indeed 
be isolated accurately by using 
those techniques. 
The feature parameters extracted 
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Figol (b,r) Observation space 
for the four regions. 
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from the regions after preprocessing as described above are as 
follows, (1) the area of the nucleus, (AN)' (2) the area of the 
whole cell (Ae), (3) the ratio of theae two (RA), (4) the shape of 
the nucleus (3), which are traditionally used, and (5) the second 
moment of the nucleus (J), (6) the co~cavity of the nucleus 
boundary (e),(7) the color of the cytoplasm (r ), (g ), (b ) which 
c c c 
correspond to the red, green, and blue respectinely, (8) the 
texture, ice., the measurement of the chromatin (TX)' and the 
amount of the granules (GN),(Ge) on the nucleus and cytoplasm 
respectively. Where, the notations correspond to the symbols 
employed in Figsc2 and 3c On the basis of the statistical 
observation of the feature space, usefulness of the parameters and 
their ordering are studiedc 
The graph structured decision rules for classifing the mature 
cells into fine categories and blood cells including the immature 
cells into 9 categories are shown in Figs.2 and 3 respectively. 
Each of the nodes in the graph defines a linear discriminant 
function which are also determined by using the trainning patterns, 
The classification experiment was done by using the images consist 
of 6oX80 pixels with 256 gray levels, which are obtained by 
digitizing the color video signals 
from the microscope and color TV 
system. According to this 
digitization, neighboring two 
pixels are spaced Oc75~ apart in 
real length. The confusion matrix 
in table 1 shows the result obtaind 
when classifying the 5 mature cells. 
The testig set contains 348 cellsc 
The overall rate of correct 
classification is 88 c8%. The result 
of the classification of the 9 cell 
types including immature types is 
shown in table 2, where the overall 
correct classification of 7604% can 
be made using the proposed 
parameters and decision rules~ 
The mature cells are considerably 
well classified o Although the 
result of the classification of 
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Fig.2 Graph structured 
decision procedure for 
classifing the mature cells. 
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Tableol Confusion matrix 
Computed Classification 
Neutro Lympho Eosino Baso Total Detection 
phil cyte cute phil phil 
toIeutro 
phil 96 100 98.00. 
Lympho 
cyte 71 85 B3.5' 
Mono 
cyte 47 53 88.7" 
Eosino 
phil 44 ~8 91.7'+. 
Baso 
phil 49 78.7\ 
Total 101 74 60 52 71 348 88 .. 8';, 
the immature cells are not 
satisfactory, this is due to the 
limited number of the feature 
parameters. Therefore, the 
introduction of more specific 
features will increase the 
classification accuracy and must be 
studied as the problem in future Q 
In additional opinion, for the 
practical use interactive system 
may result an effective performance 
and a low cost. 
Fig.3 Graph structured 
decision procedure for 
classifing 9 cell types 
including the immature 
cells. 
This workwas supported in part by a grant from the educa-
tional authorities. 
References 
1) K.Taniguchi, H.Ogawa, T.Sakai : Automatic Classification of 
White Blood Cells Tabie. 2 Confusion matrix (Feature 
Extraction and Computed Classification 
Promye Meta Eryth 
Classification Neutro Lympho Mono Eosino Baso Myelo lo,Mye myelo robla Total 
r:~ phil cyte cyte phil phil blast locyte cyte st Part 1) , Memoirs j phil 98 100 Lympho 61 12 65 Fac. Eng. Fukui cyte Monocyte 43 S3 
Univo 24(1976) 930 EOSlno 44 4R Phil 
2) M.Nakamura, H. Basophil 30 1) 62 ! Myelo Ogawa, K. blast 21 19 44 j Promyel o M elocvte 90 100 
Taniguchi Metamy elocvte 26 46 
Automatic 
£rythro 15 15 
blast 
Total 105 72 59 Sl 45 30 134 49 15 S60 
Classification of 
White Blood Cells 
219 
Oetect 
tion 
rate 
98.0' 
7l.H' 
81.1\ 
91.7'< 
48,,4'" 
47.7' 
84.1\ 
5('.5'. 
76.4\ 
(Feature Extraction Part 2), Memoirs Fac. Eng. Fukui Univ. 
26 (1978) 349. 
3) M. Nakamura , H.Ogawa, KoTaniguchi : Automatic Classification 
of white Blood Cells, Techo Group Pattern Recognition and 
Learning, Japan, PRL 91 (1979). 
